MicroRNA-376c-3p was previous reported to have a crucial role in the progression of human cancer. This study was aimed to investigate the influence of microRNA-376c-3p on the proliferation and migration of human gastric cancer cells and the associated mechanism. We explored the expression of microRNA-376c-3p in gastric cancer cells using reverse transcription-quantitative polymerase chain reaction. Also, we analyzed the association and biological significance of microRNA-376c-3p and SYF2 pre-mRNA-splicing factor in gastric cancer. MicroRNA-376c-3p expression was found downregulated in gastric cancer cell lines compared to the normal cell line. MicroRNA-376c-3p directly targeted SYF2 and reduced SYF2 expression. Overexpression of microRNA-376c-3p inhibits gastric cancer cell proliferation and migration. Besides that, overexpression of SYF2 abrogates the inhibitory influences on gastric cancer cell behaviors caused by microRNA-376c-3p mimic. These results showed that microRNA-376c-3p inhibits the proliferation and migration of gastric cancer cells via targeting SYF2.
Introduction
Gastric cancer (GC) ranks as the fifth most commonly diagnosed cancer type and the third most cause of cancer-related deaths worldwide. 1 The new cases for diagnosed and mortalities of GC were over 1 000 000 and 783 000, respectively. 1 The high mortality number is partially because the patients with GC are often diagnosed at advanced stages. 2 Therefore, it is imperative to investigate mechanisms related to GC carcinogenesis to provide novel biomarkers for GC diagnosis or treatment.
MicroRNAs (miRNAs) are endogenous RNAs with the length of 18 to 25 nucleotides that are able to degrade messenger RNA (mRNA) cleavage mainly through 3 0 -untranslated region (3 0 -UTR) binding. 3 Several studies have demonstrated that miR-217 plays an important role in regulating GC cell progression, metastasis, and epithelial-to-mesenchymal transition through targeting PTPN14, glypican-5, and polycomb group protein enhancer of zeste homolog 2 to function as tumor suppressor. [4] [5] [6] Moreover, miR-217 could be used as overall survival predictor for GC. 6 Besides that, miR-371a-3p was shown to promote the proliferation, colony formation, migration, and invasion of GC cells through targeting TOB1, suggesting the oncogenic role of miR-371a-3p in GC. 7 Hence, these results indicated that aberrant miRNAs expression is involved in GC carcinogenesis by functioning as either tumor suppressor or oncogene.
In the recent years, miR-376c-3p has been abnormally expressed in several human cancers including hepatocellular carcinoma (HCC), neuroblastoma, and oral squamous cancer. [8] [9] [10] For instance, miR-376c-3p was found to be upregulated in HCC and correlated with poor clinical outcomes of patients with HCC. 8 Moreover, the overexpression of miR-376c-3p could promote HCC cell growth, migration, and invasion in vitro by repressing the expression of AT-Rich Interaction Domain 2. 8 MicroRNA-376c-3p overexpression results in the cell proliferation inhibition and G1 cell cycle arrest in neuroblastoma by targeting cyclin D1, indicating the tumor suppressor role of miR-376c-3p in neuroblastoma. 9 Moreover, miR-376c-3p was found downregulated in oral squamous cancer and could suppress cell proliferation, migration, invasion and induced cell cycle arrest through targeting HOXB7. 10 However, to date, the role of miR-376c-3p in GC was not investigated.
In this study, we performed reverse transcriptionquantitative polymerase chain reaction (RT-qPCR) to analyze the expression levels of miR-376c-3p in GC cell lines. The downstream target of miR-376c-3p was predicted by bioinformatic tool and verified by luciferase activity reporter assay and Western blot assay. The effects of miR-376c-3p and SYF2 pre-mRNA-splicing factor (SYF2) on GC cell proliferation and migration were investigated by cell counting kit 8 (CCK-8) assay and wound-healing assay.
Materials and Methods

Cell Lines and Culture
Human GC cell lines (SGC-7901 and BGC-823) and normal gastric mucosa cell line (GES-1) were obtained from the Cell Bank of China Academy of Sciences (Shanghai, China). These cells were cultured in RPMI 1640 medium (Invitrogen, Thermo Fisher Scientific, Inc, Waltham, Massachusetts) containing 10% fetal bovine serum (Invitrogen), 100 U/mL penicillin, and 100 mg/mL streptomycin, in a 37 C humidified incubator containing 5% of CO 2 .
Cell Transfection
MicroRNA-376c-3p mimic and negative control mimic (NC-mimic) were purchased from RiboBio Co. (Guangzhou, China). pcDNA3.1 containing the open reading frame of SYF2 (pSYF2) or not were purchased from GenScript (Nanjing, China). Cells were incubated into 6-well plates at the density of 5 Â 10 5 cells/well and transfected the synthetic miRNAs (100 pmol) or SYF3 plasmid (2 mg) with Lipofectamine 2000 (Invitrogen) according to the recommended protocols. Cells were collected for further analyses after 48 hours of transfection.
Cell Counting Kit 8 Assay
For CCK-8 assay, cells (5 Â 10 3 cells/well) were seeded in 96-well plates and incubated for 0, 24, 48, and 72 hours. Subsequently, 10 mL CCK8 reagent was added to the well at the abovementioned time points and further incubated for 2 hours. Optical density at 450 nm was measured using a microplate reader. Each sample was performed in triplicate.
Cell Cycle Analysis
Cell cycle distribution was analyzed with flow cytometry. Harvested cells were fixed in 70% precooled ethanol. Then, cells were treated with RNAase (0.1 mg/mL; Sigma-Aldrich Co, St Louis, Missouri) for 30 minutes and incubated with 1 mL of protease inhibitor (50 mg/mL; Sigma-Aldrich Co). Finally, flow cytometry analysis (BD Biosciences, San Jose, California) was performed to assess cell cycle distribution. Three independent experiments were conducted.
Wound-Healing Assay
Cells were seeded in 6-well plates and incubated until about 90% confluence. Wounds at cell surface were generated using a pipette tip. Subsequently, cells were washed with phosphatebuffered saline to remove cell debris. Wound distance was measured after 24 hours of incubation. Each experiment was conducted in triplicates.
RNA Isolation and RT-qPCR
Total RNA was extracted using TRIzol reagent (Invitrogen) and quantified at NanoDrop-1000 (Thermo Fisher Scientific, Inc) based on the manufacturer's instructions. One Step Prime-Script miRNA complementary DNA (cDNA) Synthesis Kit (Takara, Dalian, China) was used to reverse transcribe the extracted RNA into cDNA. The RT-qPCR was conducted at ABI 7500 system (Applied Biosystems, Foster City, California) with the following procedures: 1 cycle of 95 C for 10 minutes; followed by 40 cycles of 95 C for 10 seconds, 60 C for 20 seconds, and 70 C for 30 seconds. Primer sequences were used as follows: miR-376c-3p forward: 5 0 -GTGCAGGGTCC-GAGGT-3 0 and reverse: 5 0 -ATCATAGAGGAAAATCCACG-3 0 ; U6 snRNA forward: 5 0 -CTCGCTTCGGCAGCACA-3 0 and reverse: 5 0 -AACGCTTCACGAATTTGCGT-3 0 . Relative expression levels were calculated using 2 ÀDDCt method using U6 small nuclear RNA as control. Assays were conducted in triplicates.
Protein Isolation and Western Blot Analysis
Proteins were isolated using RIPA lysis buffer (Beyotime, Haimen, China) and protease inhibitors (Beyotime). The concentration of extracted protein samples was analyzed with BCA kit (Beyotime), subjected to 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis, and then transferred to polyvinyl difluoride membranes (Beyotime). Membranes were blocked by 5% nonfat milk at room temperature for 4 hours and then incubated with primary antibodies (anti-SYF2: ab236417, anti-GAPDH: ab8245, both purchased from Abcam, Cambridge, Massachusetts) at 4 C for overnight, followed by incubation with goat anti-mouse secondary antibody (ab6789; Abcam) incubation at room temperature for 2 hour. Band signals were visualized using BeyoECL kit (Beyotime). GAPDH was used as internal control to normalize the expression of SYF2. Each sample was analyzed 3 times.
Luciferase Reporter Gene Assay
Targets for miR-376c-3p were predicted by TargetScan and the analysis results can be found at http://www.targetscan. org/cgi-bin/targetscan/vert_72/targetscan.cgi?species¼Hu man&gid¼&mir_sc¼&mir_c¼&mir_nc¼&mir_vnc¼& mirg¼miR-376c-3p. From all these predictions, we selected SYF2 for further analysis. The 3 0 -UTR from SYF2 (SYF2-wt) and mutant 3 0 -UTR of SYF2 (SYF2-mt) containing the binding site for miR-376c-3p were cloned into pmirGLO (Promega, Madison, Wisconsin). Cells were cotransfected with SYF2-wt or SYF2-mt and miR-376c-3p mimic or NC-mimic using Lipofectamine 2000. After 48 hours of transfection, relative luciferase was measured using a Dual-luciferase reporter assay system (Promega) according to the manufacturer's protocol. Assays were conducted in triplicates.
Statistical Analysis
Data were expressed as mean + standard deviation and analyzed using SPSS version 17.0 software (SPSS, Inc, Chicago, Illinois). Student t test was utilized to evaluate the differences between 2 samples, and analysis of variance and Tukey post hoc test were used to analyze difference in the 3 groups. P value <.05 was considered as statistically significant.
Results
MiR-376c-3p Expression was Downregulated in GC Cell Lines
To determine the expression of mir-376c-3p, we examined GC cell lines (SGC-7901 and BGC-823) and GES-1 cell line using RT-qPCR. We found miR-376c-3p expression was significantly decreased in the investigated GC cell lines (SGC-7901 and BGC-823) compared to the GES-1 cell line ( Figure 1A ).
Expression of SYF2 was Overexpressed in GC Cell Lines
Then, Western blot was conducted to analyze the expression level of SYF2. It was observed that SYF2 expression was significantly higher in GC cell lines (SGC-7901 and BGC-823) than in GES-1 cell line ( Figure 1B ).
SYF2 was a Direct Target of MiR-376c-3p
TargetScan bioinformatic tool showed that SYF2 was a possible target of miR-376c-3p (Figure 2A) . The RT-qPCR analysis showed that miR-376c-3p expression level was significantly enhanced by miR-376c-3p mimic ( Figure 2B ). Luciferase activity reporter assay revealed that the miR-376c-3p mimic transfection decreased the luciferase activity of cells transfected with SYF2-wt but not SYF2-mt ( Figure 2C ).
MicroRNA-376c-3p Affects the Proliferation and Migration of GC Cells Through Targeting SYF2
We further investigated the biological functions of miR-376c-3p on GC cells and the involvement of SYF2 in the miR-376-3p-mediated GC cell behaviors regulation. Western blot analysis showed that pSYF2 transfection significantly increased the expression levels of SYF2 ( Figure 3A) . Meanwhile, the inhibitory effect of miR-376c-3p mimic on SYF2 expression could be partially reversed by pSYF2 ( Figure 3A) . Cell Counting Kit-8 assay was carried out to detect the cell proliferation. Data revealed that cell proliferation was inhibited by miR-376c-3p mimic but promoted by pSYF2 ( Figure  3B ). Wound-healing assay elucidated that cell migration in miR-376c-3p mimic transfected group was significantly inhibited, whereas cell migration in cells transfected with pSYF2 was clearly increased ( Figure 3C ). Cell cycle analysis confirmed the results of CCK-8 assay. It was found the introduction of miR-376c-3p mimic results in cell cycle arrest ( Figure 3D ). Moreover, we found the effects of miR-376c-3p mimic on GC cell proliferation and migration can be partially reversed by pSYF2 ( Figure 3B-D) . These results indicated that miR-376c-3p affects cell proliferation and migration by inhibiting SYF2.
Discussion
In the past decade, emerging evidence has indicated that abnormal expression of miRNA is a hallmark of cancer through acting as either oncogenes or tumor suppressors. 11 The typical hallmarks of cancer progression including uncontrolled cell growth, cell invasion, metastasis, and resisting cell death. 12 miR-376c-3p was reported to target several hallmarks of cancer in some way through regulating multiple genes involved in the pathway to regulate the progression of human cancers. [8] [9] [10] In our study, we showed that miR-376c-3p expression level was significantly elevated in GC cell lines compared to the normal cell line. The introduction of miR-376c-3p mimic significantly enhanced the levels of miR-376c-3p in GC cell lines as compared to the NC-mimic. Moreover, we found both cell proliferation and cell migration were impaired by miR-376c-3p mimic transfection compared to NC-mimic transfected group. These results indicated miR-376c-3p may function as a tumor suppressor in the progression of GC. To identify a novel target through which miR-376c-3p exerts its biological effects in GC, we utilized public bioinformatics tools. SYF2 was predicted as a direct target of miR-376c-3p using bioinformatics algorithms. SYF2, also known as p29 CCNDBP1 interactor, is a chromosome-associated protein. 13 Overexpression of SYF2 and the ability to regulate cancer hallmarks have been reported in several human cancers. [14] [15] [16] [17] In epithelial ovarian cancer, SYF2 was shown could positively regulate cell proliferation. 14 Overexpression of SYF2 was also validated at esophageal squamous cell carcinoma. 15 It was found the knockdown of SYF2 led to decreased cell growth and colony formation. 15 Depletion of SYF2 decreased PCNA and cyclin D1 levels to decrease cell growth and cell cycle arrested. 16 Overexpression of SYF2 was also shown could promote breast cancer cell proliferation, while the knockdown of SYF2 led to the cell Figure 2 . SYF2 was a direct target of miR-376c-3p. A, Binding site between miR-376c-3p and SYF2. B, miR-376c-3p expression levels in GC cells transfected with miR-376c-3p mimic or NC-mimic. C, Luciferase in GC cells transfected with SYF2-wt was inhibited by miR-376c-3p mimic. Samples were analyzed for three times. miR-376c-3p indicates microRNA-376c-3p; SYF2, SYF2 pre-mRNA-splicing factor; GC, gastric cancer; wt, wild type; mt, mutant; NC-mimic, negative control for miR-376c-3p mimic.
cycle arrest at G1/S phase. 17 Moreover, SYF2 was reported as indicator for the poor overall survival of patients with esophageal squamous cell carcinoma, breast cancer, or hepatocellular carcinoma. [15] [16] [17] In this report, luciferase activity reporter assay showed miR-376c-3p could directly binding with the 3 0 -UTR of SYF2. Western blot assay shown that miR-376c-3p could negatively regulate the expression of SYF2. Rescue experiments demonstrated that downregulation of miR-376c-3p inhibited cell proliferation and migration was partly abrogated by SYF2 knockdown. Collectively, our work shed light on the role of miR-376c-3p in GC via regulating SYF2. In summary, we found miR-376c-3p expression was downregulated, while SYF2 expression was upregulated in GC cells. We found miR-376c-3p regulates GC cell proliferation, cell cycle, and migration through targeting SYF2. The newly identified miR-376c-3p-SYF2 axis will help to elucidate the molecular mechanisms of GC progression and indicated miR-376c-3p might be a potentially therapeutic target for GC.
